Recebido em 6/5/09; aceito em 29/9/09; publicado na web em 23/2/10 Streams located in areas of sugar cane cultivation receive elevated concentrations of metal ions from soils of adjacent areas. The accumulation of metals in the sediments results in environmental problems and leads to bioaccumulation of metal ions by the aquatic organisms. In the present study, bioaccumulation of the metals ions Al, Cd, Cr, Cu, Fe, Mg, Mn and Zn in aquatic insects in streams impacted by the sugar cane was evaluated. The results pointed out that the insects were contaminated by the sediment and that the collector organisms as Chironomus species accumulated higher concentration of metals than the predator organisms.
INTRODUCTION
The use of fertilizers containing different concentrations of metals such as lead, nickel, chromium, cadmium, aluminum and zinc in different periods of cultivation of sugar cane, in addition to the deforestation of riparian vegetation, cause impacts on the hydric resources of the adjacent areas, leading to contamination of the aquatic sediments. 1, 2 Metals introduced in the aquatic environment by the sugar cane activity can be absorbed and incorporated into the sediments 3, 4 and in the food chains. [5] [6] [7] In general, these impacts have been caused by the absence of riparian vegetation, which is responsible for absorption of toxic products, which come from the neighboring cultivated areas. 1, [8] [9] [10] [11] Every year, sugar cane cultivation, using fertilizers is carried out. This process causes severe damages to the aquatic communities. Moreover, heavy metals as Cd can be bioaccumulated in the organisms, magnified in the food chain, threatening human health. 12 Metal accumulation in the sediments results in serious environmental problems to the surrounding areas, affecting water quality, bioassimilation and bioaccumulation of metals by the aquatic organisms. 13, 14 Sediments may contribute significantly to increase concentrations of metals in aquatic invertebrates, either by absorption/ adsorption from interstitial water or directly by ingestion. 15 In aquatic systems, the levels of metals in the aquatic sediments and in some aquatic predator organisms were generally higher in streams in sugar cane areas than in streams located in preserved areas. 2 The accumulation of metals in the sediments and the contamination of the aquatic invertebrates represent an unsafe link for the transference of metals to upper trophic levels, as fishes, reptiles, birds and mammals. 16, 17 All aquatic invertebrates accumulate trace metals even if these metals are not essential to their metabolism. 17 Aquatic insects can accumulate metals directly from the sediments or by food ingestion and, for such reasons, some species can accumulate more metals than other ones, based in their life cycle. 18 When transferred through macroinvertebrate food webs, vertical (trophic level) and horizontal (diet at any given trophic level) position can be considered as important factors for determining metal concentrations in tissues of different species. Horizontal trophic position, i.e., differences in diet within a trophic level, may be an important determinant of metal concentrations. Therefore, metal bioaccumulation in an organism depends on the species. 19 Streams located in impacted areas with sugar cane cultivation are generally depauperate in relation to the richness of aquatic macroinvertebrates. 20 Consequently, some aquatic organisms as bivalves, crustaceans and oligochaetes, commonly used as biomonitors of metal contamination, are hard to be collected, restricting their appliance. In contrast, some aquatic insects like Chironomus species (Chironomidae) and Odonata larvae are abundant and tolerate a wide range of chemical, physical and biological conditions in freshwater systems, especially in the streams located in areas with sugar cane cultivation. Moreover, the use of larval insects as biomonitors is facilitated by the fact that the contaminant concentrations are not subjected to the confounding effects of a reproductive cycle or differences between sexes. 21 For these reasons, aquatic insects can be applied as a useful tool to detect metal contamination and to evaluate, in more detail, the process of the trophic transference of metals in streams.
The scope of the present study is to assess the bioaccumulation of Al, Cd, Cr, Cu, Fe, Mg, Mn and Zn from the sediment to some species of aquatic insects in three streams historically impacted (more than 15 years) by metals from fertilizers. The trophic transfer of those metals in organisms inhabiting different trophic levels, as collectors and predators were studied. We have the hypothesis that the collectors and benthic organisms, which live closer to the sediment, accumulate higher concentrations of metals than predator species. These three streams have been studied since 2002, and were chosen because of the possibility of collection of the organisms in great quantities and continuously.
EXPERIMENTAL

Study sites
All streams were located on Jacaré-Guaçu river basin, situated in the State of São Paulo, Brazil ( Table 1 ). The three streams are of low order, have low water velocity (<1 m/s), small depth (<0,8 m) and width (<1,5 m) and are located at low altitude, from 500 to 700 m. They are located in the areas of Cerrado and have predominantly sand substrates (fine and coarse, 70% of the total). 21 Values of dissolved oxygen varied from 5.3 to 6.8 mg/L and pH varied from 5.85 to 6.05. The average annual precipitation in the Jacaré-Guaçu river basin is of about 1400 mm. 20 The wet season occurs between October and March, while the dry season occurs from April to September. Sites are located in extensive areas with sugar cane cultivation, without riparian vegetation. All streams are free from other anthropogenic impacts such as industrial, domestic or mining activities.
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Sampling and storage
Sediments for metals analyses (Al, Cd, Cr, Cu, Fe, Mg, Mn and Zn) were sampled, in triplicate, from the three sites using a standard EkmanBirge grab with a sampling area of 255 cm 2 . Samples were taken twice at each site, from April to July 2008. Sediments were stored at 4 ºC until testing. Larvae of aquatic insects for metals analyses (Al, Cd, Cr, Cu, Fe, Mg, Mn and Zn) were collected using a D-frame 22 aquatic net (mesh sieve 250 µm) and sampled exhaustively until there were enough biomass (at least 0.10 g) for laboratory analysis. Larvae of insects retained in the net were transferred to acid-washed polypropylene bags and stored in ice during transportation to the laboratory. In order to study the content of metals in the tissue of the insects, one section of the experiment involved elimination of the gut contents of live larvae 24 h before carrying out metal analyses. 19 All insects larvae were microscopically analyzed to verify the complete elimination of the gut content. Then, they were identified and frozen at -20 ºC in order to perform the metal analyses. 18 Due to the importance of the amount of organic matter of the sediment in the metal absorption in the aquatic system, 23 three sediment sub-samples were collected from the streams for organic matter determination.
Analytical procedures
For analytical analysis, deionized double distilled water (DDDW) was used. All acids were purchased from Merck ® (analytical grade). All glass materials were cleaned with concentrated nitric acid as described before. 24 Sediment samples for metal determination were dried at 65 ºC on glass dishes, homogenized with mortar and pestle. Each of the weighted samples, with approximately 5.0 g, were taken to 100 mL beakers, to which 5.0 mL of HNO 3 was added and digested to near dryness at 90 ºC on a hot plate. The digested samples were filtered through filter papers and collected in 100 mL beakers. The filter papers were washed with ca. 20 mL of distilled water and the contents of the beakers were transferred to 100 mL volumetric flasks. The resultant solutions were analyzed for metals in a Pye Unicam flame atomic absorption spectrophotometer (Perkin Elmer AAnalyst 300). Digestion and detection were undertaken in triplicate. 25 Frozen insects larvae were thawed at room temperature. Larvae were pooled to obtain at least 0.10 g of dry weight. The larvae were taken to a 100 mL beaker, in which 5.0 mL of HNO 3 was added and digested to near dryness at 90 ºC on a hot plate. Digested samples were cooled at room temperature, filtered by using filter papers and collected in 50 mL beakers. The filter papers were washed with ca. 20 mL of water and the contents of the beakers were transferred to 50 mL volumetric flasks. Pooled samples were analyzed by inductively coupled plasma-atomic emission spectrometry (ICP-AES) (Thermo Jarrel, Ash Iris/ApDuo). Digestion and detection were undertaken in triplicate. 18 The detection limits were: Al -0,002 mg L Organic matter was determined by mass loss after ignition (550 ºC, 4 h) in dry fractions of sediments (dried in a stove at 60 ºC for 12 h), in accordance with the techniques described in the literature. 26 
Data analysis
Differences for each data set (metals concentration in the larvae of insects of the three streams) were tested by the Mann-Whitney test. We analyzed significant differences in the concentration of metals between the two trophic levels (collectors and predators). All differences were considered significant if p< 0.05. The Mann-Whitney analysis was calculated by using the GraphPad InStat Program (Version 3.00).
RESULTS
Organic matter content
Organic matter content of the sediment was low in the three studied streams. Values varied from 5.0 to 20% in the streams. The highest value was detected in the Água Sumida stream (S1) and the lowest one was observed in the São João stream (S2). Água Preta stream (S3) exhibited values varying from 6 to 15%. Detailed information about these results can be found in reference 7.
Metal concentration in the sediments
Cadmium was not detected in the sediment of the streams. In general, iron and aluminum were detected at high concentrations in the sediments of the three streams. Chromium and zinc were detected at low concentrations. In the Água Sumida stream (S1) metal concentrations decreased in the order Fe>Al>Mn>Cu>Zn>Mg>Cr. In the São João stream (S2) the values decreased in the order Fe>Al>Cu>Mg>Mn>Zn>Cr and in Água Preta stream (S3) decreased in the order Fe>Al>Mg>Cu>Mn>Zn>Cr. The S1 stream presented higher concentrations of metals than stream S2. Stream S3 presented lower concentrations of metals than streams S1 and S2 (Figure 1) .
Copper was detected in the three streams. The highest values of copper were detected in the Água Sumida stream (S1) at a concentration of about 0.060 mg g -1 (Figure 1 ). Iron exhibited high concentrations in S1 and S2 streams. Iron varied from 5.000 mg g -1 in the Água Sumida stream (S1) to 0.265 mg g -1 in the Água Preta stream (S3). Chromium was detected in the S1 and S2 streams and it was not detected in S3. Aluminum was detected in the three streams, with highest value detected in the Água Sumida stream (S1), with 0.539 mg g 
Metal concentrations in the aquatic insects
As occurred in the sediments, Cd was not detected in the larvae of the insects. In general, the larvae of aquatic insects presented a similar pattern of metal concentrations as those of the sediments. Metals in high concentrations in the sediments, as Fe and Al in S1 and S2, were highly bioaccumulated in the insects (Figure 2 ). Nine species of aquatic insects were collected. They were identified as the collector species Chironomus latistilus and Chironomus detriticola (Chironomidae, Diptera) and the predator species were identified as Dasythemis sp., Erythemis sp., Erythrodiplax sp., Miathyria sp., Dythemis sp., Micrathyria sp. and Tramea sp. (Libellulidae, Odonata).
In Água Sumida stream (S1), the species Chironomus detriticola, Dasythemis sp. and Erythemis sp. were analyzed. With the exception of Al, which was most accumulated by Dasythemis sp, the larvae of Chironomus detriticola accumulate more metals than Dasythemis sp. and Erythemis sp. Dasythemis sp. accumulate more Al, Cr, Cu, Fe, Mg, Mn, Zn than Erythemis sp. (Figure 2 ).
In São João stream (S2), the species Chironomus latistilus, Dasythemis sp. and Erythrodiplax sp. were analyzed. C. latistilus accumulate more metal types than Dasythemis sp. and Erythrodiplax sp. Among the predator species, larvae of Erythrodiplax sp. accumulate high amounts of Al, Cr, Cu, Fe and Zn, while Dasythemis sp. accumulate high amounts of Mg and Mn (Figure 3) .
In Água Preta stream (S3), the species Chironomus latistilus, Dythemis sp., Miathyria sp., Micrathyria sp., Erythrodiplax sp. and Tramea sp. were studied. The species Dythemis sp. and Erythrodiplax sp. were excluded from the analyses because of the low biomass collected. Chironomus latistilus accumulate more Fe than Miathyria sp., Micrathyria sp. and Tramea sp. Larvae of Tramea sp. accumulate more Al, Cu, Mg and Zn than the other species. Chromium and manganese were mostly accumulate by Micrathyria sp. (Figure 4) . Detailed information about these results is shown in Figures 2, 3 and 4.
Data analysis
The Mann-Whitney test, applied for metal concentrations in the insects of each stream, pointed to significant differences in the bioaccumulation of metals between the collectors and predators. Although, for each metal in each stream, different patterns were observed.
For the S1 stream, the result of the test points that the collector species Chironomus detriticola absorbed higher concentrations of Cr, Cu Mg, Mn and Fe than the predator species (p<0.05). Differences were not significant by Al and Zn. Similarly, in the S2 stream, Chironomus latistilus, collector species, absorbed higher concentrations of Cr, Cu, Mg, Mn and Fe than the predator species (p<0.05). However, for the S3 stream, Al, Cr, Cu, Mg, and Mn were absorbed in the same concentrations between the collector specie Chironomus latistilus and the other predators species, with significant differences by Zn and Fe.
DISCUSSION
In the present study, metal concentrations in the larvae of aquatic insects showed differences in accordance to the sediment contamination of each stream. When the sediments contamination was high, the insects presented high concentration of metals. All streams analyzed presented higher concentrations of metals in the sediments and in the larvae of Odonata, when compared to forested streams in the State of São Paulo. 7, [27] [28] [29] Metals detected in the sediments and in the insects are widely used in several fertilizers in sugar cane cultivation, in addition to NPK fertilizers as source of micronutrients. 1 The low values of organic matter detected in the sediments and the homogeneous substrate (sand substrates) of the three streams suggest that these variables did not influence in the concentrations of the metals of the sediment and in the aquatic insects.
Cadmium was the unique non-detected metal in aquatic sediments and in the insects of the three streams. Cadmium is a non essential metal and the characterization of cadmium inputs in aquatic systems is incomplete, 13 but the manufacture of cadmium-containing products (like batteries) accounts for its largest discharge, followed by phosphate fertilizers. 30 Some studies have demonstrated that cadmium, in high concentrations in the aquatic environment, causes changes in the growth of some insects, as larvae of Chironomus riparius. 31 Some researchers as 32 studying in forested and in impacted streams, pointed that aquatic insetcs as mayflies accumulate higher concentrations of Cd than caddisflies and stoneflies.
Our results points that, iron was found in high concentrations in all streams. Iron is generally related to the geologic formation of the region. In the present work, the results confirm that the region studied is rich in iron. 33 The high concentration of iron in the sediments of the S1, S2 and S3 streams appeared to cause high bioaccumulation in the aquatic insects, especially in the Chironomus species (benthic organism). Aluminum, detected in high concentrations in the sediments of the S1, S2 and S3 streams appeared to be correlated with the high concentrations detected in the aquatic insects, although, with high values observed by Odonata species.
Other studies have also demonstrated the patterns of bioaccumulation of metals by different species of insects. 34 In the referred study, the authors have demonstrated that the predatory dragonfly larvae seem to be good in detecting differences in iron, manganese, zinc and cadmium in the environment when compared with other predatory insects as waterstriders and ants. These data was confirmed by Corbi et al. 7 who pointed Odonata larvae as good indicators of metals pollution. Our results suggest that dragonfly larvae are inefficient in accumulating high concentrations of metal from the sediments when compared with the Chironomus larvae (for S1 and S2 streams), a benthic and collector animal, or that Odonata larvae, is efficient in getting rid of it. The data also points that their capacity to accumulate metals differs and further studies are needed for detecting the efficiency of different insects groups to accumulate different metals.
Some researchers found that filter-feeder species, as Mollusks, accumulate more Mn, Cu, Zn and Pb than Chironomidae species, (not analyzed in Chironomus species) 18 and some metals, appeared to be accumulated in the upper trophic levels as fishes, reptiles, birds, mammals and other organisms. 32, 35 Although predator species can accumulate high concentrations of metals, our results point that, depending on the sediments contamination, the collector organisms as Chironomus larvae, because of their close association with the sediments (benthic organisms) and functional feeding group, accumulate higher concentrations of metals than other groups of aquatic insects. The results also suggest that, with low sediment contamination, as occurred in the S3 stream, predator species accumulate metals in high concentrations, probably by food ingestion, composed of different aquatic organisms.
We also can conclude that the aquatic insects can be considered good bioindicators of the metals contamination by fertilizers in streams near to the sugar cane cultivation, as in the three streams, the insects were contaminated. Moreover, some insects, such as Chironomus, can be used as good indicators of the sediments contamination, although other aquatic insects as Odonata larvae appeared to be good bioindicators of general contamination. 7 It is well known that high metal concentrations in aquatic ecosystems lead to a reduction of macroinvertebrate richness and abundance. 15, 20, [36] [37] [38] [39] In Brazilian streams, Chironomus and Odonata larvae can survive even in sites with very low environmental quality because they are tolerant to many disturbances. 20, 40, 41 Our results also show that it is possible to analyze metal concentrations in these aquatic macroinvertebrates even when the community is very poor, as occurs in sites near to the sugar cane culture
CONCLUSIONS
The higher concentrations of metals detected in the collectors species than in the predators species (except for S3 stream) points to the necessity to obtain more knowledge about the biology of the aquatic organisms. Although in the low trophic position (collectors animals), the benthic habitat of the Chironomus species, living closer to the sediment, turns possible the high bioaccumulation of metals found in this aquatic compartment. Even though, the low sediment contamination causes high bioaccumulation in predators species. These aquatic organisms can be used, by different ways, as an important tool for monitoring metal contaminations in streams located in areas with sugar cane cultivation or other agricultural activity.
